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FORWORD 


Tlx0  present  report,  tliou^  related  to  blast  and  shock  blolosT, 
deals  with  the  results  of  exposure  of  four  species  of  anlaals  to 
Ispact.  Bxtrapolatloa  of  the  uortallty  data  to  the  70  anlsal 
and  a  conparlson  of  th«  resultil  with  relevant  Isforaatlon  la  the 
llteratiire  dealing  with  busian  response  to  dynasle  accelerative  or 
deceleratlve  loading  la  presented. 

the  results  are  Halted  to  situations  In  which  Impact  with  a 
bard  surface  occurs  and  therefore  to  circumstances  wherein  only 
the  animals  own  tissues  sre  active  In  absorbing  the  energy  of 
notlcs,  l.e.,  the  time  and  distance  over  which  energy  dlsslpetlcn 
occurs  Is  atr.tmsl,  a  fact  which  tends  to  the  Impact  loed. 

these  findings  are  applicable  to  many  situations  In  which  Injury 
nay  occur  either  from  the  Impact  of  blunt  objects  striking  a 
biological  target  or  froai  a  moving  target  striking  a  solid  object. 

the  lapect  study  represents  a  segment  of  experiaentatioo  which 
hM  been  under  way  since  19S2  aimed  at  clarlfT^ng  the  biological 
response  following  exposure  to  blast  phenonena  including  overpressures, 
winds,  moving  debris,  and  ground  shock. 
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A  total  of  455  mice,  rats,  guinea  pigs  and  rabbits  were  subjected  to 
impact  at  velocities  ranging  between  25  ft/sec  and  51  ft/sec.  The  desired 
velocities  were  generated  by  allowing  the  animals  to  free-fall  from  various 
heights  to  a  flat  concrete  pad.  The  ventral  surface  of  each  animal  was  the 
area  of  impact. 

r 

Probit  analyses  of  the  24-hr  mortality  data  yielded  impact  velo¬ 

cities  with  95  per  cent  confidence  limits  as  follows:  mouse,  39.4  (37.4  - 
4Z.0)  ft/sec;  rat,  43.5  (42.0  —  44.8)  ft/sec;  guinea  pig,  31.0  (30.0  -  31,9) 
ft/sec;  and  rabbit,  31.7  (30.2  -  33.3)  ft/sec.  The  figures  for  the 

mouse  and  rat  were  significantly  higher,  statistically,  than  those  for  the 
guinea  pig  and  rabbit. 

The  small  spread  in  the  values  suggested  little  variation  in  the 

tolerance  of  biological  systems  to  impact.  Purther,  the  steepness  of  the 
mortality  curves  indicated  a  narrow  survival  range  to  impact.  - 

-  Extrapolation  of  the  experimental  data  to  the  70  kg  animal  yielded  a 

predicted  LDcn  velocity  of  26  ft/sec  (18  mph).  literature  relevant 

->U 

to  the  human  case  was  reviewed  and  the  tentative  applicability  of  the  pre¬ 
dicted  figures  to  adult  man  was  discussed. 
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1,  A  total  of  455  animals  includinj;  113  mice,  173  rats.  111  guinea 
pigs  and  53  rabbits  were  subjected  to  impact  at  velocities  ranging  between 
25  ft/sec  and  51  ft/ sec. 

2,  The  desired  impact  velocities  were  generated  by  allowing  the 
animals  to  free-fall  from  various  heights  to  a  flat  concrete  pad.  The 
ventral  surface  of  each  animal  was  the  area  of  impact, 

3,  The  velocities  at  impact  were  determined  from  equations  that  were 
empirically  derived  from  high  speed  photographic  records  of  the  animals  at 
impaxrt. 

4,  Probit  analyses  of  the  24-hr  mortality  data  yielded  values 

with  ^5  per  cent  confidence  limits  as  follows:  mouse,  39.4  ft/sec  (37.4  - 
42.0);  rat,  43.5  ft/sec  (42.0  -  44.8);  guinea  pig,  31,0  ft/sec  (30,0  -  31.9); 
and  rabbit,  31,7  ft/sec  (30,2  -  33.3). 

5,  Of  the  200  animals  killed  by  impact,  149  (T5  per  cent)  died  within 
20  min  and  90  p«c  cent  within  one  hour.  Only  10  per  cent  of  the  deaths 
occurred  between  the  2-hr  and  24-hr  period.  The  general  trend  was  for 
the  larger  species  to  have  the  longer  survival  times. 

Tft,  From  an  interspecies  extrapolation  the  impact  velocity  for 

a  70  kg  animal  was  calculated  to  be  26  ft/ sec  (18  mph). 

7.  A  probit  mortality  curve  was  calculated  for  a  70  animal  to  pre¬ 
dict  threshold  conditions  for  lethality  which  was  21  it/ sec  (14  mph). 

8.  The  results  from  the  present  study  were  discussed  revelant  to  the 
information  available  in.  the  literature  on  the  effects  of  ground  shock  on 
personnel  in  underground  structures,  deck  heave,  translation  caused  by  air 
blast,  automobile  accidents,  falls,  and  related  decelerative  phenomena. 

9.  The  m-inimum  impact  velocity  required  for  skull  fracture  was 
pointed  out  to  be  near  13.5  ft/sec  (9,2  mph).  (Gurdjian  et  al.) 

10.  The  '*initiai  velocity"  threshold  for  fracture  of  the  heel  bene  of 
itandinu  objects  was  between  11  and  lo  ft/ Sec  (Black  et  al.;  Draeger  et  al.}. 
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11-  yducit'/  tolcrAt^d  'ay  ^iigr-ar.^subfecta,  drooocil 

in  a.  seated  position,  wa*  reported  to  be  About  10  ft/sec  (Swearingen  ct  al,}. 

12.  Human  fatalities  in  automobile  statistics  showed  50  per  cent  mor¬ 
tality  at  vehicular  speeds  near  33,8  ft/ sec  (23  mph)  which  was  in  fair  agree¬ 
ment  with  the  50  per  cent  impact  velocity  (26  ft/sec)  obtained  in  the  present 
study  for  an  animal  of  comparable  body  weight  (from  DeHaven)- 

13.  It  was  tentatively  concluded  that  10  ft/sec  (7  mph)  was  the  ”on-the- 
average  safe”  impact  for  adult  humans. 
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INTRODUCTION 


To  serve  the  purposes  of  stud/  and  presentation*  the  biological  effects 

of  air  blast  have  been  arbitrarily  divided  into  several  categories,  the  most 

important  of  which  are  primary,  secondary,  and  tertiary  effects.  Prinaary 

damage  is  tliat  associated  with  variations  in  environmental  pressure  per  sc. 

Injuries  generally  occur  where  the  variation  in  tissue  density  is  the  greatest, 

and  in  particular,  involve  the  air-containing  organs;  c.g.,  the  sinuses,  ears, 

lungs,  and  gastrointestinal  tract.  When  the  lungs  are  significantly  injured, 

widespread  arterial  air  emboli  ensue  and  frequently  produce  rapid  mortality 

1—8 

when  blood  flow  in  coronary  and  cerebral  vessels  is  embarrassed. 

Secondary  effects  include  those  injuries  resulting  from  the  impact  of 
penetrating  or  nonpenetrating  missiles  energized  by  blast  pressures,  winds, 
ground  shock,  and  gravity.  A  wide  variety  of  injuries  is  seen  ranging  from 
slight  lacerations  to  penetrating  and  perforating  lesions  due  to  flying  debris, 
including  fragments  of  glass  and  other  frangible  materials.  Also,  massive, 
crushing  injuries  can  occuiH:  from  the  collapse  of  inhabited  structures  of 
various  types. 

Tertiary  effects  encompass  injuries  that  occur  as  a  consequence  of  actual 
displacement  of  a  biological  target  by  winds  that  accompany  the  propagation  of 
the  pressure  pulse.  Though  damage  may  ensue  during  the  accelerative  pliase 
of  movement  because  of  differential  velocities  imparted  to  various  portions  of 
the  body,  trauma  is  likely  to  be  more  prevalent  and  severe  during  deceleration, 
particularly  if  impact  with  a  hard  surface  occurs.  Injuries  in  this  category 
may  be  somewhat  similar  to  those  mentioned  above  for  secondary  effects  and 
mtay  frequently  bear  a  resemblance  to  those  observed  in  victims  oi  autonrohiJe 
accidents,^*  falls, and  airplane  crashes;  e.g.,  abrasions,  lacera¬ 

tions,  contusions,  fractures,  and  rupture  of,  and  damage  to,  the 
organs,  including  the  heart,  V.^ags,  liver,  spleen,  brain,  and  spinal  cord. 

Proper  assessment  of  the  tertiary  blast  hazard  requires  knowledge  in  at 
least  two  areas;  namely,  (a)  information  co.aceming  velocities  attained  by  objects 
the  size  and  s’nape  of  man  in  relation  to  the  physical  parameters  of  the  bla.K» 
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The  former  has  been  studied  by  Taborelli  et  al,  in  full-scale  nuclear  tests, 
and  Bowen  and  co— workers have  formulated  a  mathematical  model  for 
predicting  the  velocity -history  of  cojects  as  large  as  m.an  when  energized  by 
blast  pressures  and  winds  from  modem  high-yield  explosions.  Relatively 
little,  however,  is  known  quantitatively  about  the  biology  of  decelerative 
impact  referable  either  to  humans  or  other  mammals  under  circumstances 
wherein  the  stxapping  time  and  distance  —  other  things  being  equal  —  arc  pri¬ 
mary  functions  of  the  organism  itself  and  not  modified  by  other  factors,  such 
as  deformation  of  vehicular  structuxes,  indentations  in  "soft"  surfaces,  and 
other  events  serving  to  depress  the  peak  G  load  that  develops  during  deceler¬ 
ation. 

Because  of  this  fact  a  relevant  exploratory  investigation  using  experi¬ 
mental  animals  was  planned,  carried  out  and  the  data  assessed  as  one  possible 
means  of  gaining  some  quantitative  insight  into  the  tolerance  of  man  to  impact. 
The  following  material  will  Hrst  describe  the  experiments  performed;  second, 
detail  the  observed  "dose"-response  relationship  between  velocity  at  impact 
and  lethality  for  mice,  rats,  guinea  pigs,  and  rabbits  striking  a  flat  concrete 
surface  in  the  ventral  position;  third,  set  forth  an  interspecies  comparison 
noting  the  association  between  average  body  weight  and  impact  velocity  respon¬ 
sible  for  mortality  in  each  species;  and  last,  briefly  discuss  the  implications 
of  the  data  with  regard  to  extrapolation  to  the  human  case. 

METHODS  , 

1.  Generation  of  Impact  Velocities 

The  necessary  range  of  velocities  was  obtained  by  dropping  animals 
from  different  heights  onto  a  flat  concrete  slab.  Animals  were  released,  one 
at  a  tir::e,  from  a  small  box  hoisted  by  a  cable-pulley  system  attached  to  a 
34  ft  pole.  The  bottom  of  the  box  was  opened  by  means  of  a  solenoid-operated 
mechanism.  At  lower  heights  some  of  the  animals  were  released  by  hand. 
Animals  were  in  the  prone  position  wuen  dropped  and  wnen  they  stmex  the 
concrete  oad.  The  height  of  drop  was  measured  from  the  ventral  surface  of 
the  animal’s  trunk  to  the  surface  of  the  impact  area. 


2,  Animals 

In  all,  a  total  of  455  animals  'Mutc  dropped  in  this  study;  their  mean 
body  weights,  standard  deviation,  and  the  weight  ranges  are  given  in  Table 
1,  There  were  113  mice  and  178  rats  dropped  at  intervals  between  15  ft  and 
54  ft;  111  guinea  pigs  from  heiglits  between  10  ft  and  24  ft;  and  53  rabbits 
between  12  ft  and  23  ft. 

The  animals  killed  by  impact  were  autopsied=5=  as  soon  after  death  as 
possible,  while  survivors  were  sacrificed  and  autopsied  after  24  hrs.  The 
mortality  figures  reported  subsequently,  therefore,  represent  lethality  up 
to  24  hrs, 

3.  Determination  of  Impact  Velocities 

Initially,  impact  velocities  were  determined  from  the  timing  marks  on 
a  Fastax  camera  film  record  taken  of  the  animals  just  before  impact.  Velo¬ 
cities  so  determined  for  animals  dropped  from  several  different  heights  showed 
that  the  four  species  did  not  attain  the  same  velocity  for  a  given  height  of  fall. 
Since  it  was  impractical  to  take  m.otion  pictures  of  all  the  animals  at  impact, 
it  was  necessary  to  derive  equations  that  would  allow  the  calculation  of  the 
impact  velocities. 

Details  of  the  experimental  procedure  and  the  derivation  of  the  equations 
1.0 

are  reported  elsewhere.  Briefly,  the  procedure  was  as  follows; 

.\n  acceleration  coefficient,  alpha  (c),  was  experimentally  deterrrined 
for  freely  falling  objects  including  the  four  species  of  animjils  concerned  here. 
Alpha  was  defined  as  the  area  presented  to  the  wind  stream  times  the  object's 
drag  coefficient  di^dded  by  its  mass.  Ti-.e  follo-ving  empirical  relation  between 
alpha  and  mass  was  obtained  for  small  animal  species: 

log  c  =  0.01153  -  0.32400  loi  .m  (1) 


c  =  acceleration  coefficient  in  ft^/Ib 
m  =  animal's  mass  in  gram.s 


*The  gross  pa;hoIo:;y  observed  in  th.e  animals  stfbjected  to  impact  will 
be  tT'.e  s'nbject  of  a  separate  report. 
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Species 

Nirnibe 

Mice 

113 

Rats 

178 

Guinea  pigs 

111 

Rabbits 

53 

Total  455 


Table  I 


19.8  g 
185  g 
650  g 
2,43  kg 


(16-28) 

(150-250) 

(480-811) 

(1.62-3.63) 


3.8  g 
29  g 

162  g 

0.47  kg 


The  follo'wir.g  relation  jhip  for  impact  -srelocicy  'Urti  alao  experim.entalT/ 
derived; 

V  =  (2gH)‘^^  (2) 

I 

where 

V  =  impact  velocity 

g  =  acceleration,  of  gravity 
H  height  of  fall 
^  =  air  density 
<*■  -v  acceleration  coef&ciex:t 


Thos,  the  alpha  for  each  group  of  animals  dropped  at  the  different  heights, 
as  reported  in  Tables  Z  through  5,  was  calculated  by  substituting  the  appro¬ 
priate  mean  mass  (body  weight)  into  equation  (1),  Solving  equation  (2)  with 
the  proper  values  of  c,  g,  H,  and  ^  yielded  impact  velocities  for  each  group. 
The  values  so  obtained  for  impact  velocities  were  carefully  checked  in  iruli- 
vidual  animals  for  each  species  and  were  consistent  with  the  data  obtained 
using  high  speed  photography. 


RESULTS 

1.  Mortality 

The  2-t-hr  mortality  data  observed  for  mice,  rats,  guinea  pigs,  and 
rabbits  are  presented  in  Tables  2,  3,  4  and  5,  respectively.  Each  table  gives 
the  mortality  associated  with  the  height  of  the  fall  and  the  computed  impact 
velocity  over  the  range  in  lethalitj-  from  near  zero  to  about  100  per  cent  for 
each  species.  Thus,  ti'.e  empirical  data  establishes  a  "dose^-response  re¬ 
lationship  for  each  species  of  animal. 


To  farther  assess  this  relations h-ip  an  appropriate  program  for  a 
BendLs:G-l5  Computer  was  prepared  to  apply  tlie  probit  analysis  of  Finney 
to  the  data  presented  in  Tables  2  through  5.  The  probit  transform-ation  relates 
the  percent  mortality  in  probit  urdts  to  the  lo-g  of  the  "dose"’  —  the  "dose"  here 
being  the  velocity  at  im.pact— and  allows  a  sigmoid  response  curve  to  be  ex¬ 
pressed  as  a  linear  regression  equation  of  the  general  form: 
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Table  2 


THE  RELATION  BETWEEN 
MOUSE  MORTALITY  AND  IMPACT  VELOCITY 


Height  of  drop 
ft 

Impact  velocity  Number  dead  over 

ft/  sec  the  number  dropped 

Mortality 

r. 

15 

28.4 

0/10 

0 

IS 

30,8 

1/10 

10 

21 

32.6 

3/10 

30 

28 

36.3 

6/20 

30 

32 

38.5 

6/22 

27 

36 

39.3 

3/11 

27 

42 

41.3 

7/10 

70 

43 

43.0 

8/10 

80 

54 

45.3 

10/10 

Total  44/113 

computed  DD-q  =  39,4  ft/sec 

100 

Ta.ble  3 


XHE  RELATION  BETWEEN 
RAT  MORTALITY  AND  IMPACT  VELOCITY 


Height  of  drop 
ft 

Impact  velocity 
ft/  sec 

Number  dead  over 
the  number  dropped 

Mortality 

% 

15 

29.8 

0/10 

0 

18 

32.3 

0/10 

0 

21 

34.6 

0/10 

0 

24 

36.8 

1/10 

10 

27 

38.7 

2/10 

20 

30 

40.4 

3/10 

30 

33 

42.0 

6/10 

60 

36 

43.6 

2/10 

20 

39 

45.3 

9/20 

45 

42 

46.5 

23/26 

88 

45 

47.5 

S/iO 

80 

48 

48.6 

8/10 

80 

51 

49.8 

8/10 

80 

54 

50.9 

20/22 

91 

Total  90/178 

computed  LD-q  =  43.5  ft/ sec 
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Table  4 


THE  RELATION  BETWEEN 
GUINEA  PIG  MORTALITY  AND  IMPACT  VELOCITY 


Height  of  drop 
ft 

Impact  velocity 
ft/ sec 

Number  dead  over 
the  number  dropped 

Mortality 

% 

10 

24,8 

0/10 

0 

IZ 

27,0 

2/10 

20 

13 

28.1 

0/4 

0 

14 

29.1 

1/10 

10 

15 

30.0 

4/10 

40 

16 

30.9 

6/12 

50 

17 

31.9 

5/10 

50 

18 

32.7 

8/10 

80 

19 

33.6 

8/11 

73 

20 

34.4 

9/10 

90 

21 

35.1 

10/10 

100 

24 

37.2 

4/4 

100 

Total  57/111 

computed  ED-q  =  31.0  ft/ sec 

Table  5 


THE  RELATION  BETWEEN 
RABBIT  MORTALITY  AND  IMPACT  VELOCITY 


Keiglic  o£  drop 
ft 

Impact  velocity 
ft/  sec 

Number  dead  over 
the  number  dropped 

Mortalitr 

% 

12 

27.4 

0/10 

0 

14 

29.5 

2/10 

20 

16 

31.5 

5/10 

50 

18 

33.3 

7/10 

70 

20 

35.1 

9/10 

90 

22 

36.7 

1/1 

100 

24 

38.2 

1/1 

100 

28 

41.2 

1/1 

100 

Total  26/53 

computed  1^50  “  31»7  ft/ 

sec 

5 


where 


Y  =  a  +  b  log  X 

Y  =  percent  mortality  in  probit  units 
X  =  velocity  o£  impact  in  ft/ sec 
a  =  constant  for  the  intercept 
b  =  slope  constant  for  the  regression  line 

The  results  of  the  probit  analyses  are  presented  graphically  for 
each  species  in  Figs.  1  through  4.  Each  figure  notes  the  regression  equa¬ 
tion  appropriate  to  the  species  of  animal  and  shows  the  regression  line, 
the  grouped  individual  <lata  points,  the  95  per  cent  confidence  limits  of  the 
information  and  the  LiD^q  •'velocity— dose”  figure  in  ft/sec  which  is  that  impact 
velocity  associated  with  50  per  cent  mortality  obtained  by  substituting  5  (the 
probit  unit  equal  to  50  per  cent  mortality)  for  Y  and  solving  the  regression 
equation  for  X. 

Similarly,  impact  velocity  values  associated  statistically  with  any 
percent  mortality  may  be  calculated,  as  was  done^  for  example,  for  10  and 
90  per  cent  mortality  as  noted  in  Table  6  comparing  the  results  for  the  four 
species  of  animals  enr.ployed.  The  table  also  presents  the  values  for  the 
regression  equation  intercepts  and  slope  constants,  the  standard  error  of  the 
slope  constant  and  the  95  per  cent  confidence  limits  of  the  impact-velocity 
figures. 

The  solid  lines  in  Fig.  5  set  forth  a  graphic  compairison  of  data 
noted  in  Table  6,  As  far  as  the  impact  velocity  figures  associated  with  50 
per  cent  mortality  are  concerned,  it  can  be  said  that  the  ^1^50  value  of 
31.0  ft/ sec  for  t!:e  guinea  pig  was  not  significantly  different  from  that  for 
the  rabbit  of  31.7  ft/sec.  Those  for  the  mouse  (39.4  ft/sec)  and  rat  (43.5 
ft/sec),  however,  were  statistically  different  from  one  another  at  the  95  per 
cent  confidence  limit;  likewise,  the  UD-^’s  for  the  guinea  pig  and  rabbit  were 
significantly  below  those  for  either  the  mouse  or  the  rat  at  the  95  per  cent 
confidence  limit. 

Concerning  the  variability  in  the  slope  constants,  it  n^ay  be  stated 
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that  a  test  for  parallclisin  usin^  all  the  data  indicated  the  results  co’uld  not 
be  fitted  to  a  common  slope  with  any  statistical  reliability.  However,  at 
the  95  per  cent  confidence  limit,  as  mijht  be  expected  from  a  visual  inspec¬ 
tion  of  Fig-  5,  the  regression  curves  for  the  mouse  arfi  rat  were  essentially 
parallel;  so  also  were  those  for  the  guinea  pig  and  the  rabbit-  Not  so  evident 
from  visual  inspection  was  the  fact  that  the  curves  for  the  rat  and  guinea  pig, 
and  the  rat  and  the  rabbit  could  be  regarded  statistically  as  parallel.  This 
is  not  the  case  for  the  mouse-rabbit  and  the  mouse-guinea  pig  relationships 
which  showed  no  parallelism  statistically  in  the  regression  lines  at  the  95 
per  cent  confidence  limit. 

2.  Time  of  Death 

Two  hundred  animals  were  lethally  injured  by  impact.  The  number  of 
animals  succumbing  in  various  time  intervals  —  0-5,  6-10,  11-20,  21-60, 
61-120  minutes,  and  121  minutes  to  24  hotirs  —  is  shown  in  Table  7,  along 
with  total  percentage  and  accumulative  percentage  figures  for  the  selected 
periods  of  time.  Table  8  presezits  the  percentage  and  accumulative  percentage 
data  for  each  species  of  animal. 

The  combined  results  given  in  Table  7  show  that  death  occurred  quite 
rapidly;  e.g.,  149  of  the  animals,  or  74.5  per  cent,  were  dead  within  20  min 
and  179,  or  S9o5  per  cent,  within  one  hour.  Thus,  only  21  of  the  200  fatally 
injured  animals  lived  longer  than  one  hour  and  these  —  about  10  per  cent  of 
the  total  —  died  within  24  hr  after  impact;  5  between  the  first  and  second  hour 
and  16  between  the  second  and  twenty-fourth  hour. 

The  species-segregated  data  in  Table  8  show  other  findings  of  interest. 
First,  it  is  apparent  that  tlze  mice  died  within  an  extraordinarily  short  period; 
i.e.,  52,  So,  and  100  per  cent  were  dead  withdn  5,  10,  and  20  min,  respec- 
tively.  Second,  mortally  injured  rabbits  survived  longer  than  the  other  species 
Third,  the  times  of  death  for  guinea  pigs  and  rats  fell  between  those  for  mice 
and  rabbits.  Fourth,  at  the  higher  accumulative  percentages  of  letlrality  — 
above  90  per  cent  for  all  species  —  there  was  a  tendency  for  time  of  death  to 
be  related  to  animal  size;  i.e.,  the  larger  the  animal  the  longer  the  survi^^3l 
period. 
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Table  7 


TIME  OF  DEATH  AND 

NUMBER  OF  ANIMALS  MORTALLY  WOUNDED  BY  LMPACT  AND 
THE  TOTAL  INCIDENCE  OF  MORTALITY  AS  A  FUNCTION  OF  TIME 


Species 

of 

animal 

Number  ot 

animals  dying 

in  indicated  time  in 

tervals 

min 

b-iO 

min 

li-ZO 

min 

2i-b0 

min 

^1-120 

min 

IZi  min 
-24  hrs 

Totals 

Mouse 

23 

13 

6 

0 

0 

0 

44 

Rat 

22 

14 

12 

16 

2 

7 

73* 

Guinea  pig 

30 

6 

6 

9 

1 

5 

57 

Rabbit 

4 

4 

7 

5 

2 

4 

26 

Total  number 

79 

39 

31 

30 

5 

16 

200 

Total  per  cent 

39.5 

19.5 

15.  5 

15 

2.5 

8.0 

100 

Accumulati\e  No. 

79 

IIS 

149 

179 

184 

200 

Accumulative  % 

39.5 

59 

74.5 

89.5 

92.0 

100 

There  were  17  rats  not  included  in  the  total  because  time  of  death  was 
not  recorded. 
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Table  8 

PERCENT.\GE  AND  ACCUMULATIVE  PERCENTAGE  OF  LETHAIXY 
WOUNDED  ANIMALS  AS  A  FUNCTION  OF  TIME  AFTER  IMPACT 


Percentage  and  Accumulative  Percentage  of  Lethally 
Wounded  Animals 

Mice 

Rats 

Guinea 

pigs 

Rabbits 

Time  of  death 

Acctim. 

Accum. 

%  Accum. 

- 37 - 

> 

Accum, 

0-5  min 

52.3 

52.3 

30.1 

30.1 

52.6 

52.6 

15.4 

15.4 

6-10  min 

34.1 

86.4 

19.2 

49.3 

10.5 

63.1 

15.4 

30.8 

11-20  min 

13.6 

100 

16.4 

65.7 

10.5 

73.6 

26.9 

57.7 

21-60  min 

21.9 

87.6 

15.8 

89.4 

19.2 

76.9 

61-120  min 

2.8 

90.4 

1.9 

91.3 

7.7 

84.6 

121  min  -  24  hrs 

9.6 

100 

8.7 

100 

15.4 

100 

To  emphasize  these  points  Fig-  6  was  prepared  and  shows  the 
accumulative  percent  ot  animals  mortally  wour-ded,  as  given  in  Table  8, 
as  a  function  of  time  of  death  for  each  species  separately-  Because  the 
number  of  animals  surviving  in  the  longer  time  periods  was  small  and 
because  of  the  wide  variability  among  species,  no  detailed  statistical 
assessment  of  tr.e  time  of  death  data  was  undertaken-  However,  the  early 
time  to  death  is  quite  clear  and  impressive. 

3-  Interspecies  Relationships  and  Extrapolation  of  Data 

a. .  Impact  velocity  and  50  per  cent  mortality 

The  interspecies  relationship  between  the  impact  velocity  asso¬ 
ciated  with  50  per  cent  mortality  in  mice,  rats,  guinea  pigs,  and  rabbits 
and  the  average  weight  of  each  species  of  animal  was  examined  using  the 
method  of  least  squares.  The  resalts,  plotted  in  Fig .  7,  show  the  TiD,q 
impact  velocity  for  each  species  as  a  functiou  of  mean  body  weight  and  the 
regression  equation  which,  best  fits  the  data;  namely, 

log  Y  =  1.6961-0.0572  103  X 

where  ^  ^ 

Y  =  impact  velocity  for  50  per  cent  mortality  in  ft/sec 
X  =  mean  body  weight  in  grams 
the  intercept  =  1  =  6961  and 
the  slope  constant  =  —0.057 

The  standard  error  of  the  estimate  was  0.042  log  units  (9.779). 

This  regression  relationship  may  be  used  tentatively  to  predict 
the  impact  velocity  associated  with  50  per  cent  mortality  for  other  species 
of  animals.  Solving  tl:e  equation  for  an  animal,  weighing  70  kg  (154  lbs) 
yielded  a  figure  of  26.2  ft/sec  (17.8  mph)  as  the  predicted  I-T)-q  im.pact 
velocity*. 

b.  Slopes  of  the  mortality  curves 

It  was  of  interest  to  explore  the  possible  association  between  the 
average  weights  of  the  animals  studied  and  the  slopes  of  the  probit  regression 
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equations  describing  the  empirical  relationship  between  im.pact  velocity 
and  mortality.  This  was  done  using  the  method  of  least  squares  and  a 
regression,  equation  derived.  The  equation  was; 

log  S  =  0,966  0.13353  log 

where 

S  =  slope  of  the  regression  equation 
M  =  the  average  body  weight  in  grams 
The  standard  error  of  the  estimate  was  0.017  log  units  (3,89%J. 

Solving  this  equation  for  an  animal  weighing  70  kg  (154  lbs) 

yielded  a  predicted  slope  constant  of  51,3.  Graphic  portrayal  of  the  daf:i 

relating  the  regression  eqnatiou,  slope  constant,.and  average  body  weight 

for  mice,  rats,  guinea  pigs,  and  rabbits  is  presented  in  Fig,  8  along  with. 

the  regression  line  and  the  extrapolation  to  an  animal  weighing  70  kg. 

•* 

c.  Derivation  of  regression  equatioa  relating  impact  velocity  and 
mortality  for  a  70  kg  animal  — 

Having  a  predicted  slope  constant  and  a  predicted  impact 

velocity  for  a  70  kg  animal  made  it  a  simple  matter  to  substitute  values  in 
the  regression  equatioa  of  the  form 

Y  =  a  +  b  log  X 

and  determine  the  intercept,  a,  of  a  predicted  regression  equation  for  the 
70  kg  animal;  e.g., 

5  =  a  +  51.3  log  26.2 
a  =  5  —  51.3  log  26.2  =  -67.753 

Thus,  it  was  possible  to  write  for  the  70  kg  animal  the  following  equation; 

Y  =  -67.76  +  51.3  log  X 

where 

Y"  =  percent  mortality  in  probit  units 
X  =  the  impact  velocity-  in  ft/sec 


The  regression  line  for  the  above  equation  is  shown  dotted  in  on.  Fig.  5  and 
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allows  one  to  visualize  the  predicted  data  along  with  the  empirical  findings 
for  mice,  rats,  guinea  pigs,  and  rabbits  described  previously. 

DISCUSSION 

1,  General 

Strictly  speaking,  the  daia  reported  above  apply  only  to  young  adult 

animals  subjected  to  impact  with  a  solid,  flat  surface  in  the  prone  position. 

Besides  the  innate  biological  variability  mentioned  years  ago  by  Rushmer^^”^ 
21 

and  Rushmcr  ct  al.,  the  esqieriments  described  here  involve  two  other  factors 
which  might  spuriously  influence  the  relationship  between  mortality  and  impact 
velocity.  The  first  concerns  some  variation  in  the  position  of  the  animals 
when  striking  the  concrete  surface  since  the  righting  reflexes  were  employed 
to  maintain  a  feet-down  position.  The  second  concerns  a  possible  modification, 
of  the  impact  velocity  by  whatever  resistance  the  legs  of  the  animals  offered 
as  energy  absorbers  to  decrease  the  velocity  of  contact  of  the  main  mass  of 
the  body.  Viewing  the  many  movies  taken  of  impact,  however,  revealed  that 
in  no  observed  instance  was  there  much  of  a  head-  or  tail-down  position  at 
impact;  also,  there  was  no  appreciable  slowing  down  of  the  animal  detectable 
when  velocities  within  the  mortality  range  were  reached. 

Unfortunately,  should  a  human  be  subjected  to  impact  either  involving 
falls,  velucular  accidents,  ground  shock  imparted  to  blast  protective  shelters 
or  abrupt  deceleration  after  displacement  by  blast  winds,  it  is  likely  that  con¬ 
siderable  variation  in  the  body  area  of  impact  will  occiu:*  Also,  there  are 
many  circumstances  in  which  a  decelerative  experience  may  involve  glancing 
contact  with  an  object;  too,  a  great  variation  in  the  shape,  weight  and  consis¬ 
tency  of  the  decelerating  object  or  surface  may  te  involved.  Any  modification 
of  the  time  of  deceleration  and  the  distance  over  which  it  occurs  will  markedly 
influence  the  magnitude  of  the  G  load  and  the  rate  with  which  it  develops.  Such 
factors  are  responsible  for  human  survival  after  falls  described  in  the  well 
known  paper  of  DeHaven^^  which  concerned  drop  distances  in  three  cases  of 
55,  93  and  145  ft,  impact  velocities  ranging  from  about  60  to  near  85  ft/ sec, 
and  stopping  distance  of  about  0.3  to  0,7  ft  occurring  in  a  time  period  in  the 
vicinity  of  O.Ol  to  0,02  sec.  Frequently,  the  surface  struck  is  soft  ground  and 
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the  impact  area  of  the  body  is  large  — the  back,  side  or  ventral  surface  —  and 
these  factors  modify  the  relationships  between  impact  velocity  and  biological 
effect. 


Though  refinements  in  terms  of  stopping  distance  and  time  as  they 

influence  G  loading  are  important  and  have  been  well  discussed  by  Rushmer 

20  22  23  24  25 

et  al. ,  DeHaven,  Roth,  Kaddon  and  McFarland,  Stapp,  Goldman 

and  von  Gierke  and  others,  there  is  nonetheless  a  problem  in  the  human 

case  —  as  noted  in  the  Introduction  —  when  impact  with  a  flat,  solid  surface 

occurs  and  the  stopping  times  and  distances  are  controlled  only  by  the  tissues 

of  the  body  itself.  Ideally,  one  would  like  to  know  the  relationship  between 

impact  velocity  and  mortality,  the  threshold  for  mortality  and  the  threshold 

for  tolerable  trauma  for  the  human  case,  all  as  functions  of  the  different  areas 

of  the  body  that  may  come  in  violent  contact  with  hard  surfaces.  Fortunately, 

there  are  a  few  relevant  data  on  some  aspects  of  this  problem  that  are  helpful. 

first,  in  setting  quantitative  relationships  for  man.  and  second,  in  evaluating 

the  extrapolations  set  forth  in  the  present  study.  The  more  important  of  these 

now  known  to  the  authors  will  now  be  briefly  noted. 


2.  Literature  Involving  Human  Material 


a.  Head 


Sl^clc  tH^  rcccrds  o£^  HrxtisH.  mine 


1942,  stated  a  skull  fracture  occurred  from  a  probable  fqre-  and  -  aft  blow 
of  13  ft/sec  (equivalent  to  a  3-1/2  ft  drop)  from  a  striking  mass  of  about  8  Ib. 
Zuckcrrtuin  and  Black,  using  monkeys  strapped  against  a  heavy  plate  set  in 
sudden  motion  by  the  impact  of  a  heavy  pendulum,  foiled  to  produce  signs  of 
concussion  or  fracture  with  ''initial'*  velocities  of  10  ft/ sec  applied  fore  and 


aft. 
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Draeger  et  al.  ran  two  tests  on  an  impact-shock  test  machine 
using  cadavers  lying  face  down  and  face  up  on  the  table  at  the  time  a  maximum 
blow  from  a  striking  hammer  produced  an  "initial'*  average  velocity  of  near 
15  ft/ sec.  It  was  noted  that  no  bone  damage  was  produced  for  the  face-up  con¬ 
dition  in  contrast  to  the  face-down  instance  wherein  a  linear  iracture  of  tne 
vault  of  the  skull  in  the  occipital  region  was  found. 
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Gurdjian  et  al.  have  pointed  out  that  dry  skulls  have  been 
fractured  with  energies  as  little  as  Z5  ft  Ihs  (300  in,  Fos},  but  that  cadaver 
heads  with  scalp  and  contents  intact  to  "cushion"  the  blow  required  energies 
of  close  to  400  to  more  than  900  in,  lbs  to  fracture.  Important  also  is  the 
fact  that  10  to  20  per  cent  additional  energy  over  tliat  required  to  produce  a 
single  linear  fracture  almost  completely  demolished  the  skull  shattering  it 
to  fragments - 
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The  same  authors  reported  experiments  from  which  the  400  - 
900  in.  lbs  jfigures  were  derived  and  pointed  out  the  impact  velocities  in¬ 
volved  when  46  intact  human  heads  were  dropped  on  a  hard  surface.  These 
ranged  from  one  instance  with  fracture  at  13,5  ft/sec  to  about  23  ft/sec. 

The  data  grouped  according  to  impact  velocities  are  shown  in  Table  9* 

While  the  skull  varies  in  its  strength,  being  minimal  for  mid- 
frontal  blows  and  maximal  for  the  anterior  interparietal  positions,  and  energy 
at  impact  is  the  more  precise  means  of  assessing  tolerance  to  abrupt  decel¬ 
eration,  the  tabulated  distribution  of  impact  velocities  required  for  fracture 
has  great  appeal  for  its  simplicity.  However,  in  assessing  the  data  noted  in 

Table  9,  it  must  he  realized  that  impact  with  a  90  degree  sharp  comer  may 
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require  only  60  in.  lbs  of  energy  for  skull  fracture  and  that  an  individual 
travelling  horizontally  and  undergoing  a  head-on  impact  involves  a  situation 
different  from  the  circumstances  described  above;  e.g.,  the  head  then  will 
have  to  absorb  not  only  its  own  energy  of  motion,  but  also  that  of  the  following 
body  as  well;  this  also  places  considerable  strain  on  the  neck  and  cervical 


The  careful  reader  will  realize  that  nothing  yet  has  been  said  about 
cerebral  concussion.  Indeed,  it  is  true  that  concussion  may  well  be  a  more 
dangerous  lesion  thnn  skull  fracture;  too,  it  can  occur  in  the  absence  of  frac¬ 
ture  of  the  cranial  vault-  It  is  unfortunate  that  no  significant  amount  of  quan- 

24  ,  .  33 

titative  human  data  are  available  for  concussion,  though  Lissner  and  Evans 
have  stated  that  if  the  energy  to  be  fiissipaied  by  impact  loading  of  the  skull  is 
kept  below  400  in.  Ejs  (33  ft  lbs),  they  feel  neimer  severe  concussion  nor 
fracture  will  result.  In  terms  of  a  10  Ib  mass,  near  tl'.e  average  weight  of  the 
ad-ill  h-tman  head,  this  is  equivalent  to  a  drop  fror.-  a  height  of  40  in.  and  an 
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Table  9 


THE  RANGE  OF  IMPACT  VELOCITIES  ASSOCIATED  WITH  EXPERD.1ENTAL 
SKULL  FRACTURE  OF  THE  SKULLS  OF  INTACT  HUMAN  HEADS 

(After  Gurdjian.  et 


Range 
impact 
velocities 
ft/ sec 

Approx, 

velocity 

in 

mph 

Approx, 
height 
of  fall 
ft 

Number  of  fractures 

of 

Heads 

in 

per  cent 

accumulative 
per  cent 

13.5  -  14.9 

9.5 

37 

9 

19 

19 

15  -  16.9 

10,9 

48 

10 

22 

41 

17  -  18.9 

12.2 

61 

12 

26 

67 

19  -  20.9 

13.6 

75 

13 

24 

91 

21  -  22.9 

15.0 

91 

4 

9 

100 

Totads 

46 

100 

Minimum  velocity  with,  fracture  -  13.5  ft/ sec  (9.2  mph) 
Majcimum  velocity  with  fracture  -  22.8  ft/ sec  (15.5  mph) 
Maximum  and  minimum  velocity  writhout  fracture  -  unstated 
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i-..pa.ct  velocity  of  14,7  ft/ see.  This  figure  is  well  above  the  British  exper- 

23 

ier.ee  of  Zuckarman  and  Black  -with  nronkeys,  cuoted  aber/e,  noting  that 
10  ft/sec  produced  no  signs  of  concussion  or  fracture. 

Last,  with  regard  to  the  head  problem,  no  data  are  at  hand  for 

infants,  children  and  adolescents  at  one  end  of  the  age  scale  nor  those  in  the 

last  decades  of  life  at  the  other  as  pointed  out  by  Haddon  and  McFarland^ 

in  a  competent  general  review  of  the  present  knowledge  concerning  head 

injury.  However,  for  adults  the  consistency  between  the  British  and  American 

data  placing  the  threshold  for  skull  fracture  at  near  13  ff/scc  allows  one  to 

feel  fairly  confident  that  an  Impact  velocity  with  a  hard,  flat  surface  of  10 

ft/ sec  should  prove  to  he  an  acceptable  impact  velocity  for  the  head  of  adult 

23 

man  which  opinion  is  compatible  with  flndings  attributed  to  Lombard; 
namely,  that  helmeted  subjects  voluntarily  tclerated  blows  to  the  helmet, 
involving  velocities  from  about  11-14  ft/sec.  Snub  blows  involved  an  accel~ 
eration  distance  of  near  0.  1  ft,  force  application  time  close  to  17  msec  and 
a  maximum  G  load  of  from  15  to  33  G. 


b.  Lower  extremity 


Casualty  experience  during  the  second  World  War  included  many 

instances  of  the  very  serious  fracture  of  the  calcaneus  (heel  bone),  other 

boueS  of  the  foot,  legs,  spme,  aiiu  skull  wliicli  Were  caxised  by  explO£>>i:ms  of 
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bombs,  mines,  or  torpedoes  below  the  decks  of  or  near  vessels.  *  Such 
observations  stimulated  laboratory  investigatious  on  the  lower  extremity  of 
intact  cadavers. 


In  Great  Britain,  Black.  Christopherson,  and  Zuckerman  re¬ 
ported  experiments  in  1942  using  two  embalmed  cadavers.  With  the  knees 
locked  and  with  the  bottoms  of  the  feet  made  parallel  with  the  floor,  using 
wooden  blocks,  one  of  the  cadavers  was  dropped  to  the  deck  from  heights  of 
0.5,  1.0,  2.0,  and  4.0  ft.  Only  the  latter  drop  produced  honey  pathology  — 
a  complete  fracture  of  the  heel  bones  bilaterally  with  a  '''chip  fracture"  in 
the  posterior  surface  of  each.  The  impact  velocities  at  2  and  4  ft  were  about 
11  and  lb  ft/sec,  respectively,  and  the  authors  concluded  that  an  initial 
velocity  within  these  limits  might  well  mark  the  fracture  threshold  for  bare¬ 
footed  individvials. 
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The  second  cadaver  was  fitted  with  ''specially  devised  boots  which 
had  sponge-mbber  pads  on  the  inside  of  strong  rubber  heels'*.  After  a  drop 
of  3  ft  (near  13.9  ft/sec  impact  velocity)  fracture  of  the  left  talus  bone  was 
noted  {the  talas  lies  above  the  calcaneus,  or  heel  bone,  ^.nd  separates  the 
latter  from  the  two  bones  of  the  lower  leg  at  the  ankle).  After  drops  from 
6  ft  (19.6  ft/sec)  additional  fractures  were  noted;  e.g.,  inner  margins  of  the 
lower  end  of  the  left  tibia;  the  outer  and  inner  condyle  of  the  upper  end  of  the 
left  tibia,  and  the  whole  t^per  end  of  the  right  tibia, 

29 

In  1945  Draeger  et  al.  described  experiments  with  four  em¬ 
balmed  cadavers  and  human  volunteers  using  a  high  impact  test  machine,  the 
4,  000  Ib  table  of  which  was  energized  by  an  upward  blow  of  a  3,  000  Ib  hammer 
allowed  to  swing  in  an  arc  fromdifferent  heights.  Fractures  were  produced 
in  two  of  the  cadavers  under  circumstances  for  one  covered  by  high  speed 
photography.  The  impact  velocities  withstood  by  human  volunteers  was  not 
stated. 

The  photographic  records  revealed  the  data  noted  in  Table  10  show¬ 
ing  the  movement  of  the  table  on  which  the  cadaver  was  standing  with  knees 
locked  and  the  average  velocities  of  the  table  and  a  metal  bar  piercing  the  tibia 
just  above  the  ankle  of  the  sxibjcct,  both  given  as  a  fxinction  of  time.  Fractures 
of  the  os  calcis  (calcaneus)  occurred  and  the  reader  will  note  that  over  the 
first  5  msec  the  velocity  figures  given  in  the  next  to  last  column  of  Table  10, 
obtained  by  step-by-step  calculations  for  table  movement,  ranged  from  12.9 
to  Z1.4  ft/sec.  These  numbers  are  reasonably  close  to  the  British  figures 
which  placed  the  'initial  velocity"  threshold  for  fracture  of  the  heel  bone  be¬ 
tween  11  and  16  ft/sec. 

Though  there  is  much  food  for  thought  in  the  work  of  Draeger  et  al. , 
in  the  interest  of  simplicity  it  is  well  to  emphasize  that  impact  velocities  much 
above  11  -  12  ft/sec  can  cause  fracture.  In  relation  to  these  data  for  fractures, 
it  is  approoriatc  now  to  direct  attentioa  to  recent  work  with  human  volunteers 
which  goes  to  the  point  of  voluntary  tolerance  to  vertical  loads  applied  to  the 
feet  of  standing  human  volunteers. 

Swearingen  et  have  reported  nearly  500  experiments  with  13 
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Table  10 


IMPACT  TABLE  MOVEMENT  AT  DIFFERENT  TIMES  AND  THE  AVERAGE 
VELOCITIES  OF  THE  TABLE  TOP  AND  THE  TIBIA  OF  A  CADAVER 
EXPOSED  STANDING  WITH  KNEES  LOCKED 
(After  Draeger  et 


Displacement 
of  table 
in. 

time 

in 

msec 

Average  velocity  in  ft/  sec 

Table  top 

Tibia 

0  -0.25 

0  -1.62 

12.9 

9.8 

0.25-0.60 

1.62-3.25 

16.9 

10.1 

0.60-1.50 

3.25-5.0 

21.4 

16.2 

1.05-1.09 

• 

5.0  -6.5 

2.2 

-5.0 

1.09-1.33 

6.5  -8.2 

11.8 

9.8 

1.33-1.73 

8.2  -10.0 

18.5 

18.1 

0  -2.48 

0  -15 

13.7 

jQ  2  smootlied 
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adults  subjected  to  drop  tests  in  a  track-guided  chair  travelling  vertical!/ 
downward  to  impact  against  a  platform.  The  movement  of  the  latter  was 
damped  with  heavy  leaf  springs  and  hydraulic  pistons.  Though  the  base 
platform  was  capable  of  a  maximal  movement  of  1  in. ,  the  actual  movement 
at  impact  was  known  to  be  small,  but  not  stated.  However,  G-time  record¬ 
ings  were  made  when  standing  individuals  with  knees  locked  were  subjected 
to  drops  from  a  maximal  height  of  Z  The  theoretical  impact  velocity 

connected  with  this  fall  height  is  11.3  ft/sec.  Integration  of  the  G-time  curve 
recorded  and  reported  —  which  showed  a  maximum  G  of  65  developing  at 
10, 000  G/sec  with  impact  enduring  for  8  msec  —  gave  a  calculated  impact 
velocity  of  9.9  ft/sec.  This  figure  is  withirx  about  IZ  per  cent  of  the  theo¬ 
retical  figure. 

The  loading  associated  with  about  10  ft/sec  impact  velocity  was 
the  maximal  tolerated  by  the  human  subjects.  Severe  pain  was  noted  in  the 
chest,  epigastrum,  lower  back,  hip  joints,  and  top  of  the  head.  Also,  pain 
was  reported  in  the  arches  of  the  feet,  back  of  the  legs,  ankles,  heels,  and 
throat. 


c.  Spine 

In  similar  experiments  with  seated  subjects,  Swearingen  and  co- 
workers^^  determined  the  limit  of  voluntary  tolerance  to  be  associated  with  a 
mn-fimnl  load  of  95  G  developing  at  19, 000  G/ sec  ever  a  time  period  of  7.5 
msec;  the  impact  velocity  calculated  from  the  G-time  curves  was  9.7  ft/ sec. 
Severe  pain  in  the  chest,  spine,  head,  and  stomach  was  noted  and  "Shock: 
severe,  general"  was  reported. 


There  is  little  point  in  reviewing  the  many  ejection  seat  data  con¬ 
sidered  safe  and  unsafe  by  various  investigators.  Let  it  suffice  to  say  that 
they  are  not  inconsistent  with  the  findings  of  Swearingen  et  al. ,  that  Ruff^^ 

estimated  fractures  of  the  spine  could  occur  at  about  100  G  when  the  time 
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involved  was  as  short  as  Z  msec,  and  that  Gagge  and  Shaw  have  stated 
application  of  20  G  developing  at  the  rate  of  150  G/ sec  and  endiiring  for  200 
msec  was  acceptable  for  pilots  using  ejection  seats  for  escape  from  aircraft. 


♦Swearingen,  J.  J.,  personal  communication. 
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a:id  that  Watts  et  al.  reported  20  G  for  0.03  sec  applied  at  the  rate  of  200 
G/ sec  prodaced  no  symptoms  in  50  volunteer  naval  subjects, 

d.  Automobile  accidents 

Finally,  it  is  of  considerable  interest  to  note  National  Safety 

22 

Council  statistics  quoted  by  DeHaven  relevant  to  fatalities  in  urban  auto¬ 
mobile  accidents.  The  figures  show  that  ”40  per  cent  of  automobile  fatalities 
in  urban  areas  involved  a  speed  of  20  mph  or  less  and  70  per  cent  were  attri¬ 
buted  to  accidents  in  which,  the  speed  did  not  exceed  30  mph,  ”  This  would 
place  the  50  per  cent  mortality  figure  near  23  mph  (33,8  it! sec).  It  is  neces¬ 
sary  to  point  out,  however,  that  this  velocity  apparently  refers  to  the  speed 
at  which  a  crash  occurred  and  may  or  may  not  refer  to  actual  velocity  at  which 
a  fatally  injured  person  struck  a  solid  surface. 

3.  Present  Study 

a.  General 

Obviously  what  has  been  assembled  from  the  literature  both  for  the 
human,  and  the  animal  case,  along  with  the  present  interspecies  study,  indi¬ 
cates  that  the  "state  of  the  art"  for  understanding  the  biology  of  decelerative 
impact  is  not  very  far  advanced.  Much  more  quantitative  information  is  needed 
to  establish  tolerance  for  various  organs  and  regions  of  the  body,  particularly 
in  the  case  of  the  friable  liver  And  spleen  and  the  other  abdominal  organs.  Like¬ 
wise,  additional,  data  are  desired  for  the  thorax  and  its  organs,  for  the  head 
and  its  contents,  and  for  the  cervical  spine.  Be  this  as  it  may,  a  few  comments 
are  in  order  concerning  the  experiments  reported  here  and  their  relation  to  the 
literature  reviewed.  These  will  now  be  presented. 

b.  Extrapoloation  of  the  impact  velocity  data 

Though  it  is  hardly  possible  to  imagine  what  precise  xise  might  be 
made  of  the  described  interspecies  extrapolation  of  the  impact  velocity 

to  give  a  figure  of  26  ft/sec  (18  mph)  for  the  70  kg  animal,  it  is  none  the  less 
qtate  interesting  that  the  data  for  human  fatalities  in  automobile  statistics 
show  a  50  per  cent  mortality  at  vehicular  speeds  near  33.8  ft/ sec  (23  mph). 
Thus,  the  animal  extrapolatioa  of  the  50  per  cent  impact  velocity  is  22.5  per 


cent  lower  than  the  vehicular  speeds  associated  with  50  per  cent  fatalities. 
While  this  apparent  correspondence  may  be  more  fortuitous  than  real  and 
a  number  of  grave  uncertainties  are  no  doubt  involved,  it  could  also  represent 
more  than  an  accidental  array  of  factors.  At  least,  the  situation  is  sufficiently 
encouraging  to  suggest  a  number  of  worth  while  contingencies.  First,  addi¬ 
tional  and  somewhat  similar  animal  studies  are  justified;  second,  all  efforts 
to  collect  relevant  data  referable  to  the  human  case  from  past  experience  and 
in  the  future  are  indicated;  third,  the  extrapolation  to  the  70  kg  animal  can  be 
tentatively  regarded  as  applying  **on  the  average”  to  man  (a)  for  the  purposes 
of  testing  such  a  hypothesis,  and  (b)  for  use  under  certain  circumstances  be¬ 
cause  nothing  better  seems  to  be  at  hand. 

c.  The  regression  equation  for  the  70  kg  animal  and  the  threshold 

for  mortality  and  injury  concept 

The  regression  equation  for  the  70  kg  animal  —  arrived  at  by  extrap¬ 
olation  and  predicting  the  relationship  between  impact  velocity  and  mortality  — 
is  of  interest,  for  with  its  use  one  can  explore  the  mortality  threshold  situa¬ 
tion  for  the  70  kg  animal  as  well  as  for  the  four  species  empirically  studied. 
Assigning  zero  to  Y  in  the  probit  regression  equations  and  solving  them  for 
X,  yields  figures  for  impact  velocities  predicted  to  be  near  the  threshold  for 
mortality.  Doing  this  simple  calculation  gave  the  figures  set  forth  in  Table 
11. 

Two  things  are  significant  about  the  tabulated  data  in  Table  11. 
l  .'rst,  there  is  very  little  difference  in  the  threshold  impact  velocities  for  all 
species  and  for  the  70  kg  animal,  suggesting  there  may  be  a  common  mechan¬ 
ism  that  is  critical  for  mortality.  Second,  the  impact-velocity  numbers  are 
higher  than  those  known  to  be  associated  with  quite  dangerous,  perhaps  fatal, 

lesions  in  man,  such  as  the  range  in  impact  velocities  for  human  skull  frac- 
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ture  from  13.5  to  Z3  ft/sec  (9.2  -  15.6  mph)  reported  by  Gurdjian  et  al. 

Third,  the  predicted  impact  velocities  for  the  threshold  of  mortality  are  well 
above  the  impact  velocity  of  about  10  ft/sec  voluntarily  tolerated  by  standing 
and  seated  human  subjects  studied  by  Swearingem^  Fourth,  the  general  con¬ 
sistency  of  the  information  just  noted  above  suggests  one  can  tentatively  take 
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Table  11 


PREDICTED  IMPACT  VELOCITY  AT 
THRESHOLD  OF  MORTAUTY 


Predicted  irrtpact  velocity  at 
Animal  mortality  threshold _ 


§E.  ecies  ft/ sec  mph 


Mouse 

18.  Z 

1Z.8 

Rat 

Z4.0 

16.3 

Guinea  pig 

19-9 

13.5 

Rabbit 

Z1.3 

14.8 

70  kg  animal 

Z0.8 

14.1 
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10  ft/ see  as  ’’an-on -the -average  safe'*  impact  velocity  for  adult  humans  and 
regard  the  probabilities  of  serious  injury  and  even  fatality  for  man  to  in¬ 
crease  progressively  as  the  impact  velocity  is  elevated  above  this  figure. 

d.  Time  of  death 

It  is  well  to  reemphasize  again  the  short  time  to  death  observed  in 
the  200  untreated  animals  dying  of  impact  in  relation  to  the  high  mortality 
figures  associated  with  vehicular  accidents  which  reoccur  on  an  annual  basis. 
How  many  of  the  animals  dying  in  the  present  study  could  have  been  saved  by 
therapeutic  measures  is,  of  coarse,  not  known,  but  there  are  many  human 
accident  victims  alive  today  because  medical  care  was  appropriate  both  in 
kind  and  in  time.  The  rapidity  with  which  the  experimental  animals  expired 
makes  it  impossible  to  resist  suggesting  that  one  possible  way  to  reduce 
fatalities  in  vehicular  accidents  would  be  to  esqplore  and  inqilement  all  arrange¬ 
ments  that  would  assure  the  earliest  possible  medical  care. 

e.  Cause  of  death 

Finally,  the  inquisitive  reader  can  well  ponder  along  with  the  authors 
the  several  possible  pathophysiological  mechanisms  responsible  for  death  of 
the  animals  studied.  Currently,  it  is  not  possible  to  present  relevant  data; 
neither  may  it  be  possible  to  do  so  in  the  future.  However,  gross  pathological 
observations  were  made  on  the  animals  who  died  spontaneously  and  who  were 
sacrificed  after  impact.  It  remains  for  further  studies  to  reveal  whether  the 
gross  data  are  adequate  or  inadequate  to  the  challenge  of  throwing  more  light 
on  the  etiology  of  death  by  violent  impact. 
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Brooks  Air  Force  Base 

Czilted  States  Air  Force  Aerospace  Hedlcal  Center  (ATC) 
School  of  Aviation  Hedlclne 
Brooks  Air  Force  Base,  Texas 

Attn;  Brig.  Gen.  Theodore  C.  Bedvell,  Jr.,  Coosandant 
Col.  Paul  A.  Canphell,  Chief,  Space  Redlclne 
Dr.  Suhertus  Strughold,  Advisor  for  Besear^h  %  ^ 
Professor  of  Space  Medicine 
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T/ie  3o?ir^“  Cc.-.n^.-y 
?.  0,  Box  3707 
Scattla  2i,  "Vaanln^ton 
Attn:  Dr.  Thrirt  G,  ilanxa.  Director  ol  Health  A.  Safety 

Dr.  Eouney  H.  Vcnrrj,  ^Sanager,  Space  ISedlclna  Bivch 

Dr.  7.  Vemer,  Jr.,  Spaco  Kedlclne  Sactloa 
P.O.  Box  3915 

Cbanca  Vought  Aatrooautics  5 

P.  O.  Box  5907 
Dallas  22,  Texas 

Attn:  Dr.  Qiarlea  7.  Cell,  chief  Life  Seieoeea 
Dr.  Lathan 

Ur.  Raaion  UcKlnney,  Life  Sciences  Sectloa 
Ur.  C.  O.  Ulller 

Ur.  A.  Z.  Slblla,  Manager  Space  Sciences 

Chemical  Corps  Research  A  Developaeiit  O— aand  2 

Chemical  Research  A  Development  Laboratories 
Amy  Chemical  Center,  Ud. 

Attn:  Dr.  Fred  V.  Stenler 
Or.  R.  S.  Anderson 

Civil  Aerooedlcal  Research  Insltlute  1 

OCclahoma  City,  (Aclahcoa 
Attn:  Director  of  Research 

Professor  Carl-Johan  Clemedson  1 

Department  of  Hj^ene 
University  of  Coteborg 
FJarde  Langgatan  7B, 

Coteborg,  Sveden 

Coava'r  Division,  General  Dynamics  Corpn.  2 

Fort  Uorth,  Texas 
Attn:  Mr.  tt.  A.  Bodely 
Ur,  Schrelber 

Convalr  -  General  Dynanlcs  Corporation  8 

Mail  Zona  1-713 
P.  O.  Box  1950 
San  Dlago  12,  California 

Attn:  Dr.  n.  C„  Arastrong,  Chief  Physician 

Di .  J.  C.  Clark.  Assistant  To  Vice-President  Engineering 
Mr.  James  Oeapsey 

Dr.  L.  L.  Loary.  Chief  Staff  Systens  Evaluation  Group 
Ur.  n.  H.  Thiel,  Design  Specialist 

Dr.  a.  A.  Xau  (Mall  Zone  6-104) 

Ur.  V.  F.  Rector.  Ill  (Jiall  Zoce  5S0-40),  P.O.  Box  1128 

Mr.  R.  C.  Setoll,  Vice-President  Engineering 
Convalr  General  Offices 
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Atonic  A^er.cy  1 

Z>etar't=£r.t  oi  I>ir£r.3^ 

Field  Ccnziand 

Szzidia.  3a3e,  irerr  llexlco 

Atrta:  Col,  S.  Cavender,  Surgeon 

Departseat  of  National  Dafenca  2 

Defence  Itesearch  Board 
Suffleld  Zxperlnental  Statloa 
Ralston,  Alberta,  Canada 

Attn;  ICr.  U.  K,  IScPhatl,  Head  of  Phyalologj  Section 
Hr.  H.  G.  Brlgden 

The  DlRevood  Corporatloa  1 

4805  Vanaul  Blvd.,  X.2. 

Albuquerque,  Keir  USextco 

Douslas  Aircraft  Cocnpanj,  Inc.  2 

El  Segundo  Division 
El  Segtmdo,  California 
Attn:  Ur,  Harvey  Glassner 
Dr.  2.  B.  Kooeccl 

Federal  Aviation  Agencv  1 

Washington  25,  D.C. 

Attn:  Dr.  Jaiaes  L.  Goddard,  Civil  Air  Surgeon 

Goodyear  Aircraft  Corporatloa  1 

Departnent  475,  Plant  H 

1210  Uasslllca  Road 

Akron  IS,  Cttalo 

Attn:  Dr.  A.  J.  Cacloppo 

Harvard  School  of  Public  Health  1 

Harvard  University 
695  Euntlngtoa  Avenue 
Boston  15,  Uass. 

Attn:  Dr.  Ross  A.  iScTarlacd,  Associate  Professor 

of  Industrial  Hygiene 

Ur.  Kenneth  Kaplan  1 

Physicist 

Broadvlev  Research  Corporatloa 
ISll  Trousdale  Drive 
Burlingane,  Calif. 

Lockheed  Aircraft  Coopany  1 

Suite  302,  First  National  Bank  Bl^g. 

Burbank,  California 
Attn:  Dr,  Charles  Barron 
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Lockheed  Alrcraii.  <:or^or»ttot. 

Lockheed  Ulssile  and  Space  Division 
Space  Physics  ^spartaent  (53~23) 

Sunnyvale,  California 

Attn:  Dr.  W.  Zcll<y^Sr  Scientific  Assistant  to 

Director  of  Research 
Dr.  Heinrich  Rose 

Lockheed  Aircraft  Corporation 
1122  Jagels  Road 
Palo  Alto,  California 

Attn:  Dr.  L.  Sugene  Root,  Sa.sslle  Systems  Director 

Lovelace  Foundation  for  Uedlcal  Education  and  Research  50 

4SOO  Gibson  Blvd.,  SE 
Albuquerque,  X.St. 

Attn:  Dr.  Clayton  S.  Vhlte,  Director  of  Research 

The  llartin  Company  1 

Denver,  Colorado 

Attn:  Dr.  Jaaes  C.  Gauae,  Chief,  Space  Itedlcine 

SScDoonel  Aircraft  Company 

Lambert  Field 

St.  Louis,  Ulssourl 

Attn:  Sir.  Henry  F.  Creel,  Chief  Airborne  Equipment 

Systems  Engineer 

iir.  Bert  North 

{rational  Aeronautics  and  Space  Adnlnlstratlon  1 

1520  "h”  Street,  K.». 

Vashlngton  25,  D.C. 

Attn:  Brig.  Gen.  Charles  U.  Roadman,  Acting  Director, 

Life  Sciences  Program 


Kaval  Jledlcal  Research  Institute  1 

Bethesda, 

Attn:  Dr.  David  E.  Goldman,  XSC,  Cocsiander 

Department  of  the  Navy  1 

Bureau  of  ^dlclne  fc  Surgery 
Washington  35,  D.C. 

Attn:  Capt,  C.  J.  Duffcer,  !>lrector.  Submarine  JSedlcal  Division 


Dr.  Ame  Nelson 

Research  Institute  of  National  Defense 
SUndbyberg  A,  SVeden 


1 


Kcrth  Accric rr. 

International  Alrnorc 
Los  Anffalca  <15,  Calif, 

Attn:  Scott  Crossrield 

Dr.  Toby  Freedatan,  Plight  Surseon 

Ur,  Fred  A,  Payro,  Uana^er  Space  Planning, 

Developraoxt  Planoic^ 

Wr,  Harrison  A,  Stoms 

Office  of  the  Director  of  Defense  Itesearch  A  Eogiaearlag 
Pentagon 

Vasblngton  25,  D.C. 

Attn:  Col.  John  U.  Talbot,  Chief,  Iledleal  Screlccs  Division, 
Room  3DI0S0  Office  of  Science 

The  Ohio  State  University 
410  treat  10th  Avenue 
Colunbus  10,  Ohio 

Attn:  Dr.  Vllllan  F.  Ashe,  Chalxman,  Department  of 

Preventive  Uedlclne 
Dean  Richard  L.  Uelllng 

The  RAND  Corporation 
1700  Main  Street 
Santa  Uoni/ra,  Calif, 

Attn:  Dr,  H.  H,  Ultchall,  Physics  Division 
Dr.  Harold  L.  Brode 

Republic  Aviation  Corporation 
Applied  Research  &  Developoent 
Famlngdale,  Long  Island,  N,Y. 

Attn:  Dr.  Alden  R.  Crawford,  Vice-President 

Life  Sciences  Division 

Dr.  Wllllaa  H.  Helvey,  Chief,  Life  Sciences  Division 
Dr,  Vllllaia  J,  0*Donnell,  Life  Sciences  Division 

Ssndta  Corporation 
P.  O.  Box  5800 
Albuquerque,  New  i!exico 

Attn:  Dr.  C.  F.  Quate,  Director  of  Research 
Dr.  S.  P.  Bliss,  Medical  Director 
Dr.  T.  B.  Coah,  Manager,  Department  5110 
Dr.  M.  L.  Merritt,  Manager,  Department  5130 
Mr.  L.  J,  Yortaan,  5112 


System  Developoent  Corporation 
Santa  Monica,  California 
Attn:  Dr.  C.  J.  Roach 


United  Arlcraft  Corapany  1 

Denver,  Colorado 

Attn;  Dr.  Georg*  J.  Kidera,  Medical  Director 

Laboratory  of  Xuclear  Itedicioe  A  Badiatioa  Biology  2 

School  of  lied  Ic  Ice 

University  of  California,  Los  Angeles 

900  Veteran  Avenue 

Los  Angeles  24,  California 

Attn:  Dr.  G-  M.  JlcDonnel,  Associate  Professor 
Dr.  Benedict  Cassen 

University  of  Illinois  I 

Chicago  Professional  Colleges 
840  Vood  Street 
Chicago  12,  Illinois 

Attn:  Dr.  John  P.  Marbarger,  Director,  Aercnedical  Laboratory 

University  of  Eentucky  1 

School  of  Kedlclna 
Lexington,  Kentucky 

Attn:  Dr.  Loren  D.  Carlson,  Professor  of  Rijalology 

h  Blophyslca 


University  of  Kew  Mexico  1 

Albuquerque,  Kev  Mexico 
Attn:  Library 

U.  S.  Kaval  Crdnazcis  Laboratory  3 

Vhato  Oak,  Maryland 
Attn:  Capt.  Richard  H.  Lee,  IISC 
Ur.  Janes  F.  Moulton 

U.  S.  Naval  School  of  Aviation  %  --•i.cine  1 

U.  S.  Naval  Aviation  Medical  Center 
Pensacola,  Florida 

Attn:  Capt.  Ashton  Graybiel,  Director  of  Research 

Dr.  Shields  Warren  1 

Cancer  Research  Institute 

Nev  England  Deaconess  Hospital 

194  Pilgrim  Road 

Boston  IS,  Mass. 

Wright  Air  Development  Center  2 

Aeroraedlcal  Laboratory 
Wrlght-Patterson  Air  Force  Base.  Chlo 
Attn:  CoomandlRg  Officer 

Dr.  Henning  E.  vouJlerVe,  Chief,  :ca  laboratory 
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sir  S0II7  ZdCker 
G,  Carpenter  itoaan 
Edgbaatoa  Zoad, 

Bli-alnghaa  15,  England 

Dr.  Eugene  Zwojer  1 

Director,  S-^oclc  Tube  Laboratory 
O.  Box  133 
Dnlveralty  Statlua 
Albuqnerqoe,  Bew  Mexico 

Amed  Seirlees  Technical  Inforaatlon  Agency  20 
Arlington  Hall  Station 
Arlington  IC,  Virginia 


Defense  Threat  Reduction  Agency 

45045  Aviation  Drive 
Dulles,  VA  20166-7517 


CPWC/TRC 


May  6,  1999 


MEMORANDUM  FOR  DEFENSE  TECHNICAL  INFORMATION  CENTER 

ATTN:  OCQ/MR  WILLIAM  BUSH 


SUBJECT:  DOCUMENT  REVIEW 


The  Defense 
has  reviewed  and 


Threat  Reduction  Agency's  Security  Office 
declassified  or  assigned  a  new 


distribution  statement: 

-AFSWP-1069,  AD-341090,  STATEMENT 
^DASA-1151,  AD-227900,  STATEMENT  A  *' 
-DASA-1355-1,  STATEMENT  KOK 


‘  I '  j  1 


-  DASA-1298, 

AD-285252, 

STATEMENT 

A 

-  DASA-12  90, 

AD-444208, 

STATEMENT 

A-' 

-  DASA-1271, 

AD-276892," 

STATEMENT 

Ai^ 

«  DASA-1279, 

AD-281597, 

STATEMENT 

A'/ 

..  DASA-1237, 

AD-272653, 

STATEMENT 

Al^ 

DASA-1246, 

AD-279670, 

STATEMENT 

A-y 

'  DASA-1245, 

AD-419911, 

STATEMENT 

A 

-  DASA-1242, 

AD-27  9  671,’' 

STATEMENT 

A  ^ 

-  DASA-1256, 

AD-280809, 

STATEMENT 

A^ 

DASA-1221, 

AD-243886," 

STATEMENT 

"  DASA-1390, 

AD-340311, 

STATEMENT 

A^^ 

-  -DASA- 1^37- 

-AD-71  VO  97, 

STATEMENT 

A  OK 

-DASA-12  8  5- 

5,  AD-44358-9,  STATEMENT  Ai^ 

' DASA-1714, 

AD-473132, 

STATEMENT 

A 

--DASA-2214, 

AD-854912, 

STATEMENT 

A*^ 

-DASA-2627, 

AD-514934, 

STATEMENT 

AX 

-DASA-2651, 

AD-514615, 

STATEMENT 

A  X 

--  PAfrA"-? 

AIIW876693t- 

-STATEMENT 

-A - 

DASA-2722T-V3,  AD-518506,  STATEMENT  A 
DNA-3042F,  AD-525631,  STATEMENT  A 
'DNA-2821Z-1,  AD-522555,  STATEMENT  A 


If  you  have  any  questions,  please  call  me  at  703-325- 


1034  . 


ARDITH  JARRETT 

Chief,  Technical  Resource  Center 


